Background: The therapeutic strategies and prognostic risk factors in patients with lymph node (LN) recurrence of esophageal cancer remain controversial. We assessed clinical outcomes and prognostic factors related to the use of chemoradiotherapy (CRT) for LN recurrence of esophageal squamous cell carcinoma (ESCC) after curative resection. Methods: We retrospectively evaluated survival and prognostic factors in 57 patients with LN recurrence of ESCC after curative resection. Patients received CRT using 5-fluorouracil plus cisplatin (FP) or docetaxel. Radiotherapy was delivered at 2 Gy (total dose, 60-66 Gy; median, 60 Gy). Results: The median follow-up duration was 24 (range, 3-116) months. The overall survival (OS) rates at 2, 3 and 5 years were 43.7%, 36.9% and 27.6%, respectively. In the univariate analysis of OS, treatment with FP, a single LN recurrence, and a single regional recurrence were associated with a significantly better prognosis (P = 0.04, P = 0.027 and P = 0.0001, respectively). In the multivariate analysis, the combination chemotherapy regimen [hazard ratio (HR), 2.50; 95% confidence interval (CI), 1.23-5.07] and the number of the regional LNs with recurrence (HR, 5.76; 95% CI, were independent prognostic factors. Conclusion: Approximately 28% of ESCC patients with LN recurrence after curative resection could achieve long-term survival with CRT. Treatment with FP or patients with a single regional recurrence might improve the treatment outcome.
Introduction
Esophagectomy remains a standard treatment for resectable esophageal cancer; however, 27.1-52.6% of patients who undergo this procedure experience postoperative recurrence, and 47. .0% of these recurrences are locoregional (1) (2) (3) (4) (5) (6) (7) (8) . Treatments for such recurrences include surgical resection, chemoradiotherapy (CRT), radiotherapy (RT) or chemotherapy.
A Phase II trial of CRT demonstrated this modality to be a safe and effective salvage option for postoperative locoregional recurrences of esophageal cancer (9, 10) . Surgery to remove recurrent lesions is also considered a good salvage option after curative resection (11) (12) (13) . Long-term survivors with postoperative locoregional recurrence have been reported, and studies have suggested that patients with LN recurrence have better survival than those with local (anastomotic) recurrence (14, 15) . Controversy remains regarding the most effective therapeutic strategies and most accurate prognostic risk factors for LN recurrence of esophageal cancer.
In our hospital, we perform CRT for LN recurrence of esophageal squamous cell carcinoma (ESCC) after curative resection. The main aim of this retrospective study was to evaluate the clinical outcomes and prognostic factors related to the use of CRT for LN recurrence after the curative resection of ESCC.
Materials and methods

Study population
We retrospectively reviewed the medical records, RT treatment plans, and diagnostic images of patients with ESCC who satisfied the following criteria: (i) pathologically proven ESCC, (ii) Eastern Cooperative Oncology Group performance status of 0-2, (iii) treatment with definitive concurrent CRT, (iv) no other active cancer and (v) regional LN recurrence after complete resection (radical esophagectomy with 2-or 3-field LN dissection). Patients with para-aortic LN recurrence at the upper abdominal level were included. We excluded patients with distant metastases or anastomotic recurrences in addition to LN recurrence. LN recurrence was diagnosed comprehensively with ultrasonography, computed tomography, positron emission tomography and physical findings. Between April 2006 and January 2015, 57 patients with LN recurrence of ESCC after curative resection were treated with definitive concurrent CRT at Komagome Hospital and satisfied the selection criteria.
Treatment
External radiation therapy was administered with the 6-or 10-MV X-ray of a linear accelerator. The daily fractional dose of RT was 2.0 Gy, administered 5 days per week, and the total dose was 60-66 Gy. Four patients underwent irradiation with 66 Gy in the supraclavicular region, and the remaining 53 patients underwent irradiation with 60 Gy. A T-shaped field including the bilateral supraclavicular and mediastinal regions was used for 15 patients, and a local field covering recurrent tumors with a margin of 2-3 cm was used for 42 patients. Two-dimensional conventional RT (2D-RT) was used for 17 patients, and three-dimensional conformal RT (3D-CRT) was used for 40 patients. We used 2-4 fields to avoid the spinal cord. In the patients who received 2-field irradiation, the beam direction was changed after irradiation with 40 Gy. Before the introduction of 3D-CRT in September 2008, patients were treated with 2D-RT, in which T-shaped field was frequently used.
Chemotherapy was combined with RT in all patients. Twentyfour patients received a chemotherapy regimen consisting of After the completion of therapy, the patients were followed at 1-or 3-month intervals. Follow-up evaluations included a history and physical examination, endoscopy, ultrasonography, computed tomography and positron emission tomography. The Response Evaluation Criteria in Solid Tumors criteria were used to determine the tumor response (16), and we defined disease progression as treatment failure (relapse) according to those criteria.
Statistical analyses
Survival was calculated from the start of treatment. Progression-free survival and overall survival (OS) were estimated with the Kaplan-Meier method, and the differences in survival in the univariate analysis were assessed with the log-rank test. Following previous studies, we entered the following parameters into the log-rank test: age (≥65 years versus <65 years), initial pathological stage [I and II versus III (UICC 2010) (17)], performance status [0 and 1 versus 2 (Eastern Cooperative Oncology Group) (18) ], interval between surgery and recurrence (≥8 months versus <8 months), long diameter of the metastatic LN (≥35 mm versus <35 mm), number of recurrent nodes (single versus multiple), region of recurrent nodes (single region versus multiple regions), radiation field (T-shaped versus local), radiation technique (two-dimensional conventional RT versus three-dimensional conformal RT), and combination chemotherapy regimen (FP versus DOC) (10, 12, 14, 15, (19) (20) (21) (22) (23) (24) (25) .
Baseline variables with P values of <0.05 in the univariate analysis were included in the multivariable models. Cox's regression analysis was used in the multivariate analysis. All statistical analyses were performed with EZR version 1.32 (26) , and P values of <0.05 (two-sided) were considered statistically significant. Toxicity was assessed and documented according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0 (27) . Grade 3 or worse toxicities were recorded and were defined as acute or late if they occurred within 3 months or longer than 3 months after treatment, respectively. The retrospective study protocol was reviewed and approved by the Komagome Hospital review board. Table 1 shows a summary of patient and tumor characteristics. The median follow-up time for the patients was 24 months (range, 3-116 months). All patients completed the RT treatment, and 83.3% (20/24) 15.3-41.4) , respectively, with a median survival time (MST) of 22.0 months (Fig. 1) .
Results
Patients and tumor characteristics
Toxicity
Grade 3 esophagitis was observed in one patient (1.8%) using T-shaped field. Grade 3 leukocytopenia was observed in six patients (25.
Analysis of survival
In the univariate analysis of OS, treatment with FP regimen, a single LN recurrence, and a single regional recurrence were associated with a significantly better prognosis (P = 0.04, P = 0.027, P = 0.0001, respectively; Table 3 ). In the multivariate analysis, the combination chemotherapy regimen [hazard ratio (HR), 2.50; 95% CI,
76; 95% CI, 1.22-27.12) were the independent prognostic factors ( Table 4) .
Discussion
We retrospectively evaluated treatment outcomes and prognostic factors in a group of patients treated with CRT for LN recurrence of ESCC after curative resection. Our results showed that~28% of patients could achieve long-term survival with CRT. The results also suggested that treatment with FP regimen or patients with a single regional recurrence might improve the treatment outcome.
Other studies have examined the efficacy of CRT for treating the locoregional recurrence of esophageal cancer after curative resection (Table 5 ) (9,10,21,24,25,28-30) and have reported generally high response rates of >70%. However, survival varied greatly, with the MST ranging from 13 to 43 months, the 2-year OS ranging from 31% to 57%, and the 3-year OS ranging from 10.5% to 51.8%. Several factors might account for this discrepancy. First, those CI, confidence interval; 3D-CRT, three-dimensional conformal radiotherapy; DOC, docetaxel; 2D-RT, two-dimensional conventional radiotherapy; FP, 5-fluorouracil and cisplatin; HR, hazard ratio; MST, median survival time; PS performance status studies were primarily retrospective studies with small sample sizes, and therefore, selection bias may exist. Second, some studies included patients with anastomotic recurrence. Third, even among patients receiving CRT, the chemotherapy regimens were diverse. Finally, the treatment target volume definition and irradiation dose also varied. These factors could have had a remarkable influence on the clinical outcomes. Our study also had this discrepancy. However, the clinical outcome in our study was generally favorable compared with the outcomes of these previous studies.
Several prognostic factors for ESCC have been suggested (Table 6 ). For example, high RT dose, single node recurrence, single regional recurrence and the use of a combination taxane-based plus CDDP regimen are reportedly associated with better outcomes (10, 12, 14, 15, (19) (20) (21) (22) (23) (24) (25) . Among studies reporting prognostic factors, we focused on those of Bao et al. and Zhang et al. In the former, a total of 83 patients with postoperative locoregional recurrence of ESCC were treated with concurrent CRT. Patients treated with the DOC + CDDP regimen had a 3-year OS rate (59.2%) superior to that of patients receiving FP regimen (43.3%) (24) . In the latter study, 50 patients with postoperative locoregional recurrence of ESCC were treated with concurrent CRT. Patients who received the paclitaxel + CDDP regimen had an MST (median, 16.3 months) superior to that of patients who received FP regimen (median, 9.8 months) (25) . These previous studies reported excellent results for patients receiving RT combined with a taxane-based regimen in a comparison with a regimen of RT combined with FP (FP-RT). However, the outcomes of treatment with RT combined with DOC alone (DOC-RT; MST, 14 months; 3-year OS rate, 30.5%) were worse than those of treatment with FP-RT (MST, 25 months; 3-year OS rate, 43.9%) in our study. These results suggest that CDDP may be a key drug in the RT treatment of postoperative LN recurrence of ESCC.
No previous studies have examined the effectiveness of RT combined with DOC alone (DOC-RT) for the treatment of postoperative LN recurrences of ESCC. The results of a Phase I trial demonstrated promising efficacy and an acceptable toxicity profile for DOC-RT in patients with inoperable esophageal cancer (31) . Hematological toxicity (<10% Grade 3/4 toxicities) with this treatment was lower than that with FP-RT (26% Grade 3/4 toxicities). However, the MST (6 months) and 1-year OS (35%) were lower than those with FP-RT (MST, 13.1 months; 1-year OS, 56%) (32) .
The results of our study demonstrated that DOC-RT is a safe treatment for postoperative LN recurrences of ESCC, and the MST and OS for patients with DOC-RT were also lower than for those with FP-RT.
Previous studies have reported excellent results with CRT for esophageal cancer patients with recurrence in a single region or single node after curative resection (8, 10, 12, 14, 22) . Outcomes in patients with recurrence in a single region or single node were also significantly better than those for patients with recurrence in multiple regions or multiple nodes in our univariate analysis. This result supports our hypothesis that the concept of oligo-recurrence might be applicable to postoperative esophageal cancer (33) .
With regard to RT field size, a previous study has reported the use of CRT for postoperative locoregional recurrence. Jingu et al. have reported that the overall survival and irradiated-field control rates are significantly better in patients treated with involved field irradiation than in those treated with elective nodal irradiation (34) . However, our study showed that RT field size was not associated with prognosis. With regard to toxicities, we considered that T-shaped field including elective irradiation was not necessary.
The present study has several limitations associated with its retrospective design. First, we could not demonstrate a survival benefit of treatment with CRT compared with chemotherapy alone. A previous study suggested that CRT (MST, 20.3 months) is superior to chemotherapy alone or palliative care (MST, <12 months) for LN recurrence after esophagectomy (12) . In our study, the MST was 24 months for patients with recurrence in a single region or single node. Given this result, CRT may be a recommended minimum treatment for patients with oligo-recurrence in the LNs in esophageal cancer. Second, this study has selection biases. We enrolled patients with LN recurrence, and there was non-uniformity in the combined chemotherapy regimens and RT techniques. Therefore, a prospective study with a uniform strategy such as FP-RT for cervical LN recurrence is essential.
In conclusion, we found that CRT was a safe and effective salvage treatment for LN recurrence after curative resection in ESCC. Approximately 28% of patients could achieve long-term survival with CRT. Our results also suggest that treatment with FP regimen or patients with a single regional recurrence may provide superior outcomes.
